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imm^i mmm 

m^mi] m,^m±m (scn) ^c^v^T•9— b!j7=^T>MiBT'ig^«*' 

mii^^^£V. n^m±m (scn) (d-^-:^'t^ rymmmmzm-^-r^ity/'^i^ 

n^m±m (scn) <D-^~:i3^>(rymmmmzm^t^^y^'^i7 
m^m 6 ] iB^[i## : 3 izmm<DmAtt^itmmm-^ s jcsb^odna^ 
^-i^'r^ rymmmmzm^-t^^y7-%^m,. 

[ft 7 ] gB^J#-^ : 4 ICSH«®DNA^ feliBH^a## : 4 lCgE«(Z)DNAt 
A-r ^*>rXi-SDNA*^n- Kf •S^^/N'iJ'K-efeoT, Ui^^±M (SCN) © 

'^-:^^^7ymmmmzm^t^^y/-^^Mo 

DNA„ 

[»^^ 9 ] mm^^ : 3 Cfa«(Z)DNA t ^ t«^fJ1l# : 3 tCSB«®DNAi: 
/N-f yU ^>rXi-SDNAT'feoT, m^S^-hi^ (SCN) ®-9—5t7 f=-r T>Mm?^^ 

[ft 1 0 ] Sg3?[I## : 4 iCfBScDDNA* :/bliSB^J#-t : 4 lCfB^(^)DNA 
i:>'N-^-/U X-rSDNA-e^oT, m3SM±^ (SCN) <D-!^-:;!j5='^' T 
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iW^^l 1] m^msjbmi 0©V^■rtl*^^CiB^(DDNA$:-g•tf'<^'t?- 

o 

2] ^^^8;;3rMl 0 (7)^^■r^l*^^Ci3^(Z)DNA^i§3^Hr|g^C'^ 

[0 0 0 1] 

[0 0 0 2] 
[«e5f^®S^] 

(Edmunds, L.N.J. Cellular and Molecular Basis of Biological Clock. (Spr 
inger-Verlag, New York, 1988)) , "tJ"- :*-7^ W T > U AlCo V>T < O*^ 

[0 0 0 3] 

o VC'XCOClock (Vitaterna, M.H., et al.. Science 264, 719-725 (1994)) 
JctJJ/NA:^^?? -(Dtau (Ralph, M.R. & Menaker, M., Science 241, 1225-1227 
(1988)) T'^So Clockite^i±«afi|Hl^$tlfc=b®-efe y, if - ;t7 T > ^ 
tf-lCfcl-tS^^S^^rn— KLTV^§^%X.^^^TV^S (Moore, R.Y. & Eichle 
r, V.B., Brain Res. 42, 201-216 (1972); Stephen, F.K. & Zucker, I., Proc 
. Natl, Acad. Sci. USA 69, 1583-1586 (1972)) „ — tauJte^=-li, 

[0 0 0 4] 

yVX2^<D^miZiS!^mfStm^^tLX. period (per) ^t>g^;^)^#^$t^TV^S 

2 10-3082 2 48 
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(Konopka, R.J. & Benzer, S. , Proc. Natl. Acad. Sci. USA 68, 2112-2116 ( 
1971)) „ AXBi^Cfe^^T^3:per mRNAfe J; If PERIOD (dPER) ^ gCD 

(OmWifiK ^;XA$:S^^LTV^Si:#;te^tlTV^-^> (Hardin, P.E., et al., Na 
ture 343, 536-540 (1990); Zerr, D.M., et al., J. Neurosci.lO, 2749-2762 
(1990)) „ L}^)^L^*^e>, SmJei^^©per;jN^n^^tt^< |HI^$tlTV^;feV^, 
[0 0 0 5] 

[0 0 0 6] 

mit. mmi^r^\ihm^^^':^u--:rtLxm^^^z.tiz^i). ^thit^B^-ic 
Mm-t^-^^^m.^^^mm-t^:Lt.iz%f^:i^Lt=.. $e>ic, :^mmm^\t. ^ 

;t 3 n e) ^5? > ^ H i;^' 3 /\'aQ ^ > /\- ^ Kic V ^ T I^S $ tiT V > 
T ® e> M^T' & -5 mScM Jt^ W § mil L V "^7 y?.ae^0D5§3^(D «? 

[0 0 0 7] 
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(1) n^m±m (scN) izi5\^^x'9'-i37'-^rymmx'mmMt)^mm-t^m 

(2) itaKr#f*^n hT'feS, (1) lciB^(D^>A^®, 

(3) ltai&#*^Vi7XT^-5, (1) {CffB«©3?>/N'^^, 

(4) iB^J## : 1 ICI3«(7)T^ ymiE^J, *:^li^T5 7mie^JlCj3V\T 1 

, m3^M±^ (SCN) <D-^-:^^>fT>mmmmzm^-t^^y/-^^m^ 

(5) @B^J#-^ : 2 lCiB«©T^ 7 @EiB3«J, ^ fcl^MT ^ ^ 1E»JIC^3 V^T 1 

, m3c^±^ (SCN) (D'^-:^^>c7>mmmmizmM--t^^zy^'<^M. 

( 6 ) iS^J«-^ : 3 lzmm(Dm&t. fz. Itmm^^ : 3 {Cga«®DNA t /\>f u ^* 
>rX-r-5DNA*^=7- K-r-2>^>/N°i^KT'feoT, (SCN) (Z)i?--?!j7'>f 

rymmmmzm^-t^^yj^^M. 

(7) ®H^J#-§- : 4 lC|a«ODNAtfe«@e^J## : 4 {Cfa^CDDNAi:/N-r ^* 
>rX-t^DNA;6^=3- K-t-S^^/N'^^K-efeoT, m5^MJ:=^ (SCN) CDif-^^'-f 

(8) (1) (5) ®VN-r*l*ncfH«<D^>A^^S^n- Ff-SDNA, 

(9) @e^J#-^ : 3 iCia^ODNAt fclii5^J## : 3 iCgS^ODDNAi: A-f :/y ^ 

>rx-t-2>DNA-efeoT, n^m±m (scn) (D^-in^^-rymmi^mzm^-t^ 

^ >7\°^^®$:=r- Kt"-5DNA, 

(10) @e3^J## : 4 lCi5«®DNA^ 7LliiB?!J## : 4 iCfH^ODNAi: A>r :/y 

t?vxi-sDNAT&oT> (SCN) (D-*)-- ij^" ^ T y MM^mzm-^-t 

(11) (8) 7!rM (10) c^)V^■r4^*^^CfH^CDDNA$:■^t^^^^^-. 

(12) (8) 73rM (1.0) (DV^■r4^y^)^^CfH^®DNA$:|g3^nrtg^C'^^t're?^ 

(13) (12) izmm<D]^Mmmi^^^m^^jin^^ti. (d tjm (7 
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[0 0 0 8] 
[0 0 0 9] 

-iJ-V$>^U^^±W. (SCN) (Moore, R.Y. & Eichler, V.B., Brain Res. 4 
2, 201-216 (1972); Stephen, F.K. & Zucker, I., Proc. Natl. Acad. Sci. US 
A 69, 1583-1586 (1972)) ^C^V^T, ^©#§3^*^ g#69lC-9--7?J^-< T >Mi5T' 

mm^yn^'M.cr^y^ y^SH^Ulii/a 'i7i/'a'5'/-«a:0^>A^^ (periodit-g^ 
il%) t*=bl®V^^g|^'f^$:a^-r (Citri, Y. , et al.. Nature 326, 42-47 (1987 
)) o iy^tiVn^?^:3L\z'^\\X\X. periodm^^*^, '^Wi^'&LlS, ^tSmA'C'^m 
C^-b-— :?!j-T^>r T> U XA®^3^^C^^^M■rfe-5 (Konopka, R.J. & Benzer, S., Pr 
oc. Natl. Acad. Sci. USA 68, 2112-2116 (1971)) <, y\aiflglCfel"t-2>^®mRNA 

Hardin, P.E., et al.. Nature 343, 536-540 (1990); Zerr, D.M., et al., J. 
Neurosci.lO, 2749-2762 (1990)) „ m e> 2 0®llt?Ll&%^ Mli> 

TV^-g>PASK;* W> (Baylies, M.K. et al:, Nature 326, 390-392 (1987); Sae 
z, L. & Young, M.W., Neuron 17, 911-920(1996)) tC V^T ^> a i/ 3 ^7 Aoi 

[0 0 10] 

ftiS, Kinge>lC J; U, bHLH-PAS-polyQ*f 'J K&n - Kf SntfLKjife^ n 

«y/7^'-> rciockj n-- (King, D.P., et al., Cell 89, 64 
1-653 (1997); Antoch, M.P. , et al.. Cell 89, 655-667 (1997)) , :2|5:|6^(Z) 
•b--:^7^>r T>^fte/X-5^AlcfcVAT, PAS-PAS^gSf^M ^rii L 
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T rcLOCKj ^^^f^^ffi<^:S'^F^:^Vv-$:?^J^LT^^-^>qrlg^4*^^<g>o 
[0 0 1 1] 

, m^ii. ±m^^m<Dmm:^^yA^M^mzmi^^mmL. mirOifi^m^fj^ 
, s^m. mm. 5»#^if<^^mjia^*^e>#^-r€.3i:*-«rigT'fe-& 

[0 0 12] 

t)^^M^tit=.^Mi^X^^X. n^m±m (SCN) (Z)1f-:;?j7='^'T>M^?^mic 

m¥-t^^yA^M^tt^^mmo)^y/-^^mz^^ti^. mm^iz^A^(Dr ^ 

jmt:^^'t^:^W.tLXl:i.. M^li. ODA(Oligonucleotide-directed Dual Am 
ber)-LA PCR^ (Hashimoto-Gotoh T. , et al.(1995) Gene 152 271-275, #M) 

[0 0 13] 

$e)ic, ^m^izt^xitmnnmx^^^^^^v dr^^tf-i/Bynm (chur 

ch, G. M. & W. Gilbert (1984) Proc. Natl. Acad. Sci. 81 1991-1995; Sambr 
ook, J., et al. (1989) Molecular Cloning (2nd Ed.)) il* VnT, SH^J# 

^^llI'f^©lSV^DNA$:#ilLT, ^DNA7b^e5@H3^J#-t : 1 ^ ^ « 2 lCfS^<7) ^Jf >A 
^ t ^® etJ - <D «iig 2: ^ f ^ > M # 3 i: =fe jiS^f V N e) -5 3 T 
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X-r-5DNAA^3- Fi-'StS? ^AiJ'jR-tr^oT, m^^±m (SCN) (D^-ij^^^r 

y ^*-<Xf SDNA(Z)ffi5f^i:;^Sft6<Z)i!j#i, #lciii^l&i©®Mi: LTli, MAIS, 
^^yh, i^-;^, ^S/. :f^. ^Tti^mif^n^o ^fe, ZL 

b < li80%je^±, #JC^f ^ L < li90%je^±®gB3^J©l^— tt^^tt- -6 Zl il V^ » 
Zl© j:e)^DNA5:#l|-r-2>fee;?)(Z)A-f ^*-f SXSSPE, 
5XDenhardt's^?S. 0.5%SDS, 100 Aig/ml^-ffii^^rSS^DNA, 50%/}>;i/AT ^ F 

[0014] 

>7N°^^ft?:i3- Ft-SDNAli. cDNATt;. >f 7 i^DNA-^t) J: < , S/t-^fi^DNA 

DNA (MAIS, iB^j#-t : s^r^itAizmmoMk) -kmrnt^^m^^ ^-izMA 
^■^^M^mm-t^z.inz^v:^^m(D^y/-^^m^mm^^y7^^nt: Lxmm 

[0 0 15] 

M^A^>>'^°^S®^M^cMv^s^jBgSi:bT^i, MAIS, 

^•^it^t^tbizm^^^n^K^ ^-tvnt. ^n^en. pet^^, paur^^, 

A^zlU^^ il- (pBlue Bac^) , CMV^ itlSRSV:;^n =E- ^ -^K^r 

[0 0 16] 

7 ffilE#¥ 10-3082248 
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[0 0 17] 
[0 0 18] 

[0 0 19] 
[0 0 2 0] 

veT(Dm%mm^^=eu^''^mm-r^r=.^. :^mmm^it. mm^£:^m. ims (in 

tramodule scanning) -PCR$:|§#§ L/tc b: h -ir 7 AlC^ V^T, 

^zRA^-^-^Sn-S J:e)lC^:^^;fci5C(D >>-^_;n^xde^ - >^ (intramodule 
scanning) j ^^-f V- PCRtCj;»J. -ecDf§3l^/<;HCMM^lC|sI 

[0 0 2 1] 

iCMHT'fe-SZ^A^^lgg^tlTVNS (Baylies, M.K. et al.. Nature 326, 390- 
392 (1987); Saez, L. & Young, M.W., Neuron 17, 911-920(1996)) „ -€-3T, 
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:^nm^^lt. dPER<Z)PAS-AU If - hfci:tKPAS-By tf- h (^©18^^©:/^ -f 
-M^WttfLtc (ai) c PAS-AU If- h^J:tJfPAS-Bi; bf- hOD^ifi^^-r v'- 
MCDm^nt. rGTGCTGGGCTACCCN(A/C)GNGAj , rcTGGGGTACCCCC(A/G) (A/G)GANAT 
Gj , rGGCTACCCCC(A/G) (A/G)GANATGTGGj , rcTGGGCT(A/T)CCTGCCNCA(A/G) J , 
rCTGGGCT(A/T)CCTGCCNCA(A/G)GAj , rGGCTACCTGCC(C/T)CA(A/G)GAN(C/T) J . 
rGCCCG(G/A)TCCTTCAG(G/A)TGNACj , rTCCTCATG(A/G)TGCAC(A/G) (T/A)ANTCj , 
r ATGTGCTCATG ( A/G) TG (C/G) AC ( A/G) (A/T) A J , i3^Zf TgaCAC (A/G) TCCTCATG (A/G 
)TG(A/G)TAj T^-&o a/gj5; if®SB#«Ai:G<z)^-^-:/^>r V-T'feS Zl 

[0 0 2 2] 

jt^^tCfel-tSn F> (#3bp) ^J:Ufai3rV> (^g-TOioobp) &#;^{C 
Atl. 3bp®^^--^-:^j- (53~113bp) — 3t(D:/^>r J:tfpUC19$: 
LT^iPCRlCcfc tJ-a-^bfe= 3(D3bp(D^^*-V-^-^i:tKlObp®DNA^^* 
-x'-:*- (BRL) ©m^^Ki^$:EI2iC:g^-r, V- :^ - $:PCRM^i:3fe^T#N3^ 
^6lJ^^®?lS^ (Ito, T., Hohjoh, H. & Sakaki, Y, , Electrophoresis 14, 27 
8-282 (1993)) T^^'ffiPAGE (10%) >^';i/±$:^|&$-frfe (S3) „ 
[0 0 2 3] 

^PCR?l-^?g (Sambrook, J., et al., Molecula cloning (Cold Spring Harbo 
r Laboratory, 1989)) IZit. 0.5 Ag(7)H h>f 7 ^ ^'DNATb^-^^tlTVNT^o 
m.^9AX:-7:l^m>(:y^=iK- hL. 94°CT30|3>, 37t:T305p>\ 72'CT'30#S:3-b- 
'r^;i/^fV\, ^(D^. 94r "e 30^3?, 45rT 30^3?. 72°CT'303e>§:25-9->r ^;i/fTo3^ 

o 

[0 0 2 4] 

^^-^-M i^zf^i^mm' rcYLPQDj iB^m' rFVHHEDu tc*f^5) ^m^^t=. 

^^^^^W" FPCRT, 12M®A> Kfi5l5C^)33^0-> (59~74bp) <Dot>. 65bp 

9 miE#¥ 10-3082248 
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t: hPER (hPER) cdMbl^fii'ff:^^ r^lZ. h?ER<Dcmk^zfU-zrt.LXm^^ 
, •V^:7.:t^=EUV (mPer) cDNA$: ij7 p - - > y L;/=:„ b ^i^*@BM$:, hPER 
^COV^T^iS^^J## : 31C, InPer^C0V^T^ii^^i## : 4lC-?-tl^tL^-to hPER^ 
e^feJ:tJf|iiPerae^li, FISHlCj:^, ^tl^tl, 2o<Z)l&i^raT->>7^:^-(D 
it-e^MT-fe -5 17pl2-13. Ife i: mmz&.n-t^ Z t tlfec 
[0 0 2 5] 

hPER^J:t)finPer(^)cDNA@S^JlClj:, ^tl^tll290T ^ 7 1291T^>/^?^ 
S$:=3- Fi-<2>i:li^$tl-S0RFA^-g-^tl^ (05/hPERst>&^-g|i^om^T ^ ^ 

tl-rtl^-T) o ^bJC, hPER^inPERi:(^T^ yiEi53?!l®|^— '|£<^SSli92%T'& 
hPERfei;DfmPer;&^IsgMK-e^#$tlTVxS3h«^e>*^1r^S (05) BLA 

^^To^i:z:5, 2o(Dlii?LI&%PERlidPER (^>r:/A) i:^%]Sv^^g|lI'[£$:5^L 
:t (Citri, Y., et al.. Nature 326 , 42-47 (1987)) „ BffH&^PER i: a ^ ^' 

3^n:r.PERt(DmM^£^mmt. 5^<DmmzM^i'X\f^r=. m^^^x^^:) :i 

) ^^m^mU^ (^tl^tlhPERfeJ;0inPER©^S44~131) , II) PAS-A (MPER 
;}x^D^'*©3gS217— 282) , III) PAS-B (pSPERtIn^ n ^*CD^fi338~456) fej: 
t>*PAS-B®ET^<5Di2^[J (PIPER/Jn^ n^'*(D^S457~485) , IV) perS^M (i?- 
-;t7-x>r T>MMS:^<-r-5) *'^jg3^SISfi[ (^»589) (DT?fSfI^lC^g^t-e 
^V^-fe^'*^>h (MPER/J^^D ^*a)?^^624~645) , ^^tJ^lCV) PER-C^^<Z)C5^ 
^iZ^m^J^m^ (hPER(D5^Sl006~1050, mPER®J§Sl005~1049) , -?-tlfC^< 
irU>-^yt/> (SG) y l^- h (hPER©BSl051'-1072. mPER (^5^^1050— 10 
71) , iS^XJ^^n^^) ^>biZT^(0^mm^i (hPER®5Sttl073~1108, mPER©?^ 

sio72~iio7) e zti^<Dmmz-s5i-i ^mm^ommit.. ^ti^ti44%, 47%, 

56%, 64%, 37%T'^-5 (04) „ mt)HZ. PER*;^ □ ^©PAS^igc (M^II^J: 

t>*iii) m?ER(DMm-t^mmiiM^m7&iit>m^^iy^. m<Dmm^^^^m^^ 

1 0 ajSE#¥ 1 0-3082248 
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: a) (NLS) (Jg^Se—Tg) (Vosshall, L.B., et al., Scienc 

e 263, 1606-1609 (1996)) , b) dPERj&^TIM<Z)NLSi:3fi2f^M-r-5 fc«blOi^M^;&PA 
SF:3l>f> (J^S233'-490) (Saez, L. & Young, M.W. , Neuron 17, 911-920(19 

96)) , c) Pks-Bvif-h<D-fm,mmiz^m:'t^mm^^n\^:^^y (cld) m 

^453~511) (Saez, L. & Young, M.W., Neuron 17, 911-920(1996)) , d) g 
B/KU K®PAS -f > t^S.rfm-t^?ER-Cm^ (^a524~685) (Huan 

g, Z.J., et al.. Science 267, 1169-1172 (1995)) , :^e>0^lCe) ty 3 ^ 3 

^j^:iL(Dm!i^m^^^mm<Dvx2^^mm-t^. hiyyi-—y-'^'v t/> (to y 

if-h (3^»694~748) ^J:XK^®ST^M (3^*749-868) (Wheeler, D.A 
., et al.. Science 251, 1082-1085 (1991)) „ 3®J:e)lC, ^"SfLl&i^PERlC 
felt^NLS, PAS. CLD, ?ER-Cp3<D2-D<Dm^. ^ e> tMCTGU tf- h ^ J: tJt-^CDttC 

PER:jN^n^^(7)Cp^^MOD^3a'"eii, dPEROTGU tf - ^:;&^^V^SGU tf- FTg^gl 
fcoT^^S (05) „ PER-ClCg|S-r-5)30-fe^^ > ^ <fc mG U kf- h 0DC5|5 

^mmmizmm^jtmmit. dPER(D:$:^(D&m^m5omsTmz^m:-r^ (04) 

o 3tie)©MJic=b, 11 Fi3i:t/v"i7;^T'«|glC'^#$tiTv>€> (EI5) „ 3 ^7 
'i7Axg^-e]gSiC'^#$tlT VvS6o(DPER-fe^*;»l > h (C1~C6) *^|HI^$ 
tLTVN^ (E4) (Colot, H.V., et al., EMBO J. 7 3929-3937 (1988)) » :?t7>r 
3:** (silkmoth) iZBi-^^?ER:t^^Uif0m^tmmiZ. dPER^C^a|lI7&IltlLl&feP 
ER(Z)g|5:9-li, dPER(DCl'-G3^C^S^-r^M^^C*cflbTV^-g> (EI4) (Reppert, S. 
M., et al.. Neuron 13, 1167-1176 (1994)) „ Zltl e>0^miCSo :^mm 

hPER33i:U^inPer*^per(Z)^5t6U3J^^ □^'*T$>-g>i:^m:5t:rfe„ 
[0 0 2 6] 
[MMmZ] hPERfc<fcrjJmPer(D|g3^ 

hPERfe j:tjfmPer(D#§^/\°^->$:, ^ — »f >/\-f U -fe'- a >IC J: »;M 
l^bfen 7 -if >/\>r:/y ^V-fe'-i/a>ld:, Church^ j;OfGilbert©:S'gfe (Chu 
rch, G. M. & Gilbert, W. , Proc. Natl. Acad. Sci. USA 81,1991-1995 (1984) 
) iZ^i'jn-otz.o -7 ^ -itClontech^±f)^q,mALt^o 'i^^^. 06 (hPER) 
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^C3{)^oJti^6?^'tI#6?J^C^3^bTV^SG3PDH (Glycerol-3-phosphate dehydrogenas 

VN^ClhTb^^, z:©j£^«:hPER/mPer^3l(Z>:$^;fp{i, ^< ^^=bCDT?li^V> (Liu 
, X., et al., Genes Dev. 2 228-238 (1988); Saez, L. & Young, M.W., Mol. 
Cell. Biol. 8 5378-5385 (1988)) „ 
[0 0 2 7] 

[mMMS] x"^XMlCfei-t-5>mPer cDMO)-^^ 

yiz^vumLt^. ■^^^m(Dm^&^^jt&mm}i (40^™®^$) iti&u^nm 

> gUlCiS^StlTVNS (Ban, Y, , Shigeyoshi, Y. , & Okamura, H. , J. Neurosc 
i. 17, 3920-3931 (1997)) „ /N-Y S> 3 >lCffl Vxfe^'e^^libfc:;/' 

U-^lt. mPer cRNA(Z)5' {R!l<^-fe >>^^fe<J:Z5T>5^-fe (5?^7l/ 
7r5=- K538~1752fil ; ^-^«^bTV%^VN) „ ^ ^J' U ^ > K (A 

mersham Inc. Plc.) M V^T ti^^^a^^il^m b fe^, ®#^tf^g (MCI 
D, Imaging Research Inc.) ilJS^ V-Y ^ n n > l^n. - ^ - V^-& 3 i: IC 
.kU, BioMax:7>(';i/A (Kodak) ±(D^^}^<DmMm^'^^Vr:i. ZiCD^-^^S 

[0 0 2 8] 
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RT-PCRtt, ^Ji^T® J;e)lC^7o7^o t-f. '^^7.^<Dm}n (0.5mi»<Z)ji:$ ) $: TMou 
se Brain Matrixj (Neuroscience Inc., :^^) "e^igL/^c ^«»[fi?gaM#f (E 

fee ^RNA$:, SCN (n = 4) e>TRIZOL^?^ (BRL) $:mv^T^ftfflb, DNAasel (St 
ratagene) T^&aU, TRIAZOL LS^Wi (BRL) $:MV^T«5gb;^o rsUPERSCRIPT 
Preamplif ication Systemj (BRL) Ag©RNA03§?^^lCMV>, mPerfcJ;UJ 

/S-T^5^><DcDNAli^-^PCR^lCi: U^*bfeo PCR||# S: #^1$ PAGE (5,5%) 
^';i/±T?^i*$i±, rsYBR Greenj (Molecular Probes) jiS^fe 
A> KcfJ®DNA$: rpMBIOII fuluoroimageanalyzerj (HSr) T?^*L:fec mPer 
fe<f;t>*/S-T^^>®^-^DNA^;ttt, ^^©cDNACDP^^^^^lCjcy^^^b^c mP 
er. mPer^-^g^, /S-T^5^>, ^Scfct^/S-T^'^^il-a-H^li. ^n^tl482b 
p, 246bp, 1228bp, 1044bpTfeofeo 
[0 0 2 9] 

z:(D2-D<D:^m (^y*)-4^=L-j\^zfV ^Vif-iy 3 >^cfct)f^-&RT-PCR^S 
) {ci:»j, LD{ci3J"t'5|5l#®iSl&^D:7^' -;i/*^#p>n;^ (08fe <fct>*10 ; J:) 
„ mPer mRNA(Z)4li. ^9^#T' If- IC^ L (ZT4*> ^ZT8/;&^ZT«, 08—10® 

j:oizLmmzi5\-i^mm^mir) , Hif^#T«=fo{£TLfe (zTl63&^e>zT2o) ( 

09 ;±) . $e>{C, mS6^^Bt^# (DD) ^CfeV^T. ^fi^M^i&^^^rU ( 
08fe j:t>*10 ; T) . mPer mRNA U'^;l/^iCT4*^ ^CT8 (J&^CTlj:, EI8~10®<fce) 
iZdmmzii5i-^ ^mm^m-T) TI^-^'ICML, CT16*^e>CT20T'«t;<£Tbfe ( 
09 ;T) . 3CDJ:^^C, SCNlC^^-t-SmPer mRNA*'?, H^filJJ&Bt^f^^T-e, ^tl 

^mPer mRNAcDi?"- ^^Jt"^ T ^MSI^l&tt, ^OM^tCjStf -5WM<D?Si&gi: 
MUi^XiS*) (Inouye, S-T. & Kawamura, H., Proc. Natl. Acad. Sci. USA 76 
, 5962-5966 (1979); Schwarts, W.J. & Gainer, H. , Science 197, 1089-1092 
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(1977); Gillette, M.U. & Reppert, S.M. , Brain Res. Bull. 19, 135-139 (19 
87)) , mPer mRNA H tfJlC tf- lC3t L/, iZMCi^- 1 tit ^ . inPer;{)>SCN 

[0 0 3 0] 
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[0 0 3 1] 

iB^!I## : 1 
12^11 (DSS : 1290 

Met Ser Gly Pro Leu Glu Gly Ala Asp Gly Gly Gly Asp Pro Arg Pro 

1 5 10 15 

Gly Glu Ser Phe Cys Pro Gly Gly Val Pro Ser Pro Gly Pro Pro Gin 

20 25 30 

His Arg Pro Cys Pro Gly Pro Ser Leu Ala Asp Asp Thr Asp Ala Asn 

35 40 45 

Ser Asn Gly Ser Ser Gly Asn Glu Ser Asn Gly His Glu Ser Arg Gly 

50 55 60 

Ala Ser Gin Arg Ser Ser His Ser Ser Ser Ser Gly Asn Gly Lys Asp 
65 70 75 80 

Ser Ala Leu Leu Glu Thr Thr Glu Ser Ser Lys Ser Thr Asn Ser Gin 

85 90 95 

Ser Pro Ser Pro Pro Ser Ser Ser He Ala Tyr Ser Leu Leu Ser Ala 

100 105 110 

Ser Ser Glu Gin Asp Asn Pro Ser Thr Ser Gly Cys Ser Ser Glu Gin 

115 120 125 

Ser Ala Arg Ala Arg Thr Gin Lys Glu Leu Met Thr Ala Leu Arg Glu 

130 135 140 

Leu Lys Leu Arg Leu Pro Pro Glu Arg Arg Gly Lys Gly Arg Ser Gly 
145 150 155 160 

Thr Leu Ala Thr Leu Gin Tyr Ala Leu Ala Cys Val Lys Gin Val Gin 
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165 170 175 

Ala Asn Gin Glu Tyr Tyr Gin Gin Trp Ser Leu Glu Glu Gly Glu Pro 

180 185 190 

Cys Ser Met Asp Met Ser Thr Tyr Thr Leu Glu Glu Leu Glu His He 

195 200 205 

Thr Ser Glu Tyr Thr Leu Gin Asn Gin Asp Thr Phe Ser Val Ala Val 

210 215 220 

Ser Phe Leu Thr Gly Arg He Val Tyr He Ser Glu Gin Ala Ala Val 
225 230 235 240 

Leu Leu Arg Cys Lys Arg Asp Val Phe Arg Gly Thr Arg Phe Ser Glu 

245 250 255 

Leu Leu Ala Pro Gin Asp Val Gly Val Phe Tyr Gly Ser Thr Ala Pro 

260 265 270 

Ser Arg Leu Pro Thr Trp Gly Thr Gly Ala Ser Ala Gly Ser Gly Leu 

275 280 285 

Arg Asp Phe Thr Gin Glu Lys Ser Val Phe Cys Arg He Arg Gly Gly 

290 295 300 

Pro Asp Arg Asp Pro Gly Pro Arg Tyr Gin Pro Phe Arg Leu Thr Pro 
305 310 315 320 

Tyr Val Thr Lys He Arg Val Ser Asp Gly Ala Pro Ala Gin Pro Cys 

325 330 335 

Cys Leu Leu He Ala Glu Arg He His Ser Gly Tyr Glu Ala Pro Arg 

340 345 350 

He Pro Pro Asp Lys Arg He Phe Thr Thr Arg His Thr Pro Ser Cys 

355 360 365 

Leu Phe Gin Asp Val Asp Glu Arg Ala Ala Pro Leu Leu Gly Tyr Leu 

370 375 380 

Pro Gin Asp Leu Leu Gly Ala Pro Val Leu Leu Phe Leu His Pro Glu 
385 390 395 400 
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Asp Arg Pro Leu Met Leu Ala He His Lys Lys lie Leu Gin Leu Ala 

405 410 415 

Gly Gin Pro Phe Asp His Ser Pro He Arg Phe Cys Ala Arg Asn Gly 

420 425 430 

Glu Tyr Val Thr Met Asp Thr Ser Trp Ala Gly Phe Val His Pro Trp 

435 440 445 

Ser Arg Lys Val Ala Phe Val Leu Gly Arg His Lys Val Arg Thr Ala 

450 455 460 

Pro Leu Asn Glu Asp Val Phe Thr Pro Pro Ala Pro Ser Pro Ala Pro 
465 470 475 480 

Ser Leu Asp Thr Asp He Gin Glu Leu Ser Glu Gin He His Arg Leu 

485 490 495 

Leu Leu Gin Pro Val His Ser Pro Ser Pro Thr Gly Leu Cys Gly Val 

500 505 510 

Gly Ala Val Thr Ser Pro Gly Pro Leu His Ser Pro Gly Ser Ser Ser 

515 520 525 

Asp Ser Asn Gly Gly Asp Ala Glu Gly Pro Gly Pro Pro Ala Pro Val 

530 535 540 

Thr Phe Gin Gin He Cys Lys Asp Val His Leu Val Lys His Gin Gly 
545 550 555 560 

Gin Gin Leu Phe He Glu Ser Arg Ala Arg Pro Gin Ser Arg Pro Arg 

565 570 575 

Leu Pro Ala Thr Gly Thr Phe Lys Ala Lys Ala Leu Pro Cys Gin Ser 

580 585 590 

Pro Asp Pro Glu Leu Glu Ala Gly Ser Ala Pro Val Gin Ala Pro Leu 

595 600 605 

Ala Leu Val Pro Glu Glu Ala Glu Arg Lys Glu Ala Ser Ser Cys Ser 

610 615 620 

Tyr Gin Gin He Asn Cys Leu Asp Ser He Leu Arg Tyr Leu Glu Ser 
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625 630 635 640 

Cys Asn Leu Pro Ser Thr Thr Lys Arg Lys Cys Ala Set Ser Ser Ser 

645 650 655 

Tyr Thr Thr Ser Ser Ala Ser Asp Asp Asp Arg Gin Arg Thr Gly Pro 

660 665 670 

Val Ser Val Gly Thr Lys Lys Asp Pro Pro Ser Ala Ala Leu Ser Gly 

675 680 685 

Glu Gly Ala Thr Pro Arg Lys Glu Pro Val Val Gly Gly Thr Leu Ser 

690 695 700 

Pro Leu Ala Leu Ala Asn Lys Ala Glu Ser Val Val Ser Val Thr Ser 
705 710 715 720 

Gin Cys Ser Phe Ser Ser Thr He Val His Val Gly Asp Lys Lys Pro 

725 730 735 

Pro Glu Ser Asp He He Met Met Glu Asp Leu Pro Gly Leu Ala Pro 

740 745 750 

Gly Pro Ala Pro Ser Pro Ala Pro Ser Pro Thr Val Ala Pro Asp Pro 

755 760 765 

Ala Pro Asp Ala Tyr Arg Pro Val Gly Leu Thr Lys Ala Val Leu Ser 

770 775 780 

Leu His Thr Gin Lys Glu Glu Gin Ala Phe Leu Ser Arg Phe Arg Asp 
785 790 795 800 

Leu Gly Arg Leu Arg Gly Leu Asp Ser Ser Ser Thr Ala Pro Ser Ala 

805 810 815 

Leu Gly Glu Arg Gly Cys His His Gly Pro Ala Pro Pro Ser Arg Arg 

820 825 830 

His His Cys Arg Ser Lys Ala Lys Arg Ser Arg His His Gin Asn Pro 

835 840 845 

Arg Ala Glu Ala Pro Cys Tyr Val Ser His Pro Ser Pro Val Pro Pro 
850 855 860 
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Ser Thr Pro Trp Pro Thr Pro Pro Ala Thr Thr Pro Phe Pro Ala Val 
865 870 875 880 

Val Gin Pro Tyr Pro Leu Pro Val Phe Ser Pro Arg Gly Gly Pro Gin 

885 890 895 

Pro Leu Pro Pro Ala Pro Thr Ser Val Pro Pro Ala Ala Phe Pro Ala 

900 905 910 

Pro Leu Val Thr Pro Met Val Ala Leu Val Leu Pro Asn Tyr Leu Phe 

915 920 925 

Pro Thr Pro Ser Ser Tyr Pro Tyr Gly Ala Leu Gin Thr Pro Ala Glu 

930 935 940 

Gly Pro Pro Thr Pro Ala Ser His Ser Pro Ser Pro Ser Leu Pro Ala 
945 950 955 960 

Leu Pro Pro Ser Pro Pro His Arg Pro Asp Ser Pro Leu Phe Asn Ser 

965 970 975 

Arg Cys Ser Ser Pro Leu Gin Leu Asn Leu Leu Gin Leu Glu Glu Leu 

980 985 990 

Pro Arg Ala Glu Gly Ala Ala Val Ala Gly Gly Pro Gly Ser Ser Ala 

995 1000 1005 

Gly Pro Pro Pro Pro Ser Ala Glu Ala Ala Glu Pro Glu Ala Arg Leu 

1010 1015 1020 

Ala Glu Val Thr Glu Ser Ser Asn Gin Asp Ala Leu Ser Gly Ser Ser 
1025 1030 1035 1040 

Asp Leu Leu Glu Leu Leu Leu Gin Glu Asp Ser Arg Ser Gly Thr Gly 

1045 1050 1055 

Ser Ala Ala Ser Gly Ser Leu Gly Ser Gly Leu Gly Ser Gly Ser Gly 

1060 1065 1070 

Ser Gly Ser His Glu Gly Gly Ser Thr Ser Ala Ser He Thr Arg Ser 

1075 1080 1085 

Ser Gin Ser Ser His Thr Ser Lys Tyr Phe Gly Ser He Asp Ser Ser 
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1090 1095 1100 

Glu Ala Glu Ala Gly Ala Ala Arg Gly Gly Ala Glu Pro Gly Asp Gin 
1105 1110 1115 1120 

Val He Lys Tyr Val Leu Gin Asp Pro He Trp Leu Leu Met Ala Asn 

1125 1130 1135 

Ala Asp Gin Arg Val Met Met Thr Tyr Gin Val Pro Ser Arg Asp Met 

1140 1145 1150 

Thr Ser Val Leu Lys Gin Asp Arg Glu Arg Leu Arg Ala Met Gin Lys 

1155 1160 1165 

Gin Gin Pro Arg Phe Ser Glu Asp Gin Arg Arg Glu Leu Gly Ala Val 

1170 1175 1180 

His Ser Trp Val Arg Lys Gly Gin Leu Pro Arg Ala Leu Asp Val Met 
1185 1190 1195 1200 

Ala Cys Val Asp Cys Gly Ser Ser Thr Gin Asp Pro Gly His Pro Asp 

1205 1210 1215 

Asp Pro Leu Phe Ser Glu Leu Asp Gly Leu Gly Leu Glu Pro Met Glu 

1220 1225 1230 

Glu Gly Gly Gly Glu Gin Gly Ser Ser Gly Gly Gly Ser Gly Glu Gly 

1235 1240 1245 

Glu Gly Cys Glu Glu Ala Gin Gly Gly Ala Lys Ala Ser Ser Ser Gin 

1250 1255 1260 

Asp Leu Ala Met Glu Glu Glu Glu Glu Gly Arg Ser Ser Ser Ser Pro 
1265 1270 1275 1280 

Ala Leu Pro Thr Ala Gly Asn Cys Thr Ser 
1285 1290 

m^m^ : 2 

mn<D^^ : 1291 

2 0 miE#¥ 1 0 - 3 0 8 2 2 4 8 



#^ 9—267846 



mm 

Met Ser Gly Pro Leu Glu Gly Ala Asp Gly Gly Gly Asp Pro Arg Pro 

15 10 15 

Gly Glu Pro Phe Cys Pro Gly Gly Val Pro Ser Pro Gly Ala Pro Gin 

20 25 30 

His Arg Pro Cys Pro Gly Pro Ser Leu Ala Asp Asp Thr Asp Ala Asn 

35 40 45 

Ser Asn Gly Ser Ser Gly Asn Glu Ser Asn Gly Pro Glu Ser Arg Gly 

50 55 60 

Ala Ser Gin Arg Ser Ser His Ser Ser Ser Ser Gly Asn Gly Lys Asp 
65 70 75 80 

Ser Ala Leu Leu Glu Thr Thr Glu Ser Ser Lys Ser Thr Asn Ser Gin 

85 90 95 

Ser Pro Ser Pro Pro Ser Ser Ser He Ala Tyr Ser Leu Leu Ser Ala 

100 105 110 

Ser Ser Glu Gin Asp Asn Pro Ser Thr Ser Gly Cys Ser Ser Glu Gin 

115 120 125 

Ser Ala Arg Ala Arg Thr Gin Lys Glu Leu Met Thr Ala Leu Arg Glu 

130 135 140 

Leu Lys Leu Arg Leu Pro Pro Glu Arg Arg Gly Lys Gly Arg Ser Gly 
145 150 155 160 

Thr Leu Ala Thr Leu Gin Tyr Ala Leu Ala Cys Val Lys Gin Val Gin 

165 170 175 

Ala Asn Gin Glu Tyr Tyr Gin Gin Trp Ser Leu Glu Glu Gly Glu Pro 

180 185 190 

Cys Ala Met Asp Met Ser Thr Tyr Thr Leu Glu Glu Leu Glu His He 

195 200 205 

Thr Ser Glu Tyr Thr Leu Arg Asn Gin Asp Thr Phe Ser Val Ala Val 
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210 215 220 

Ser Phe Leu Thr Gly Arg lie Val Tyr lie Set Glu Gin Ala Gly Val 
225 230 235 240 

Leu Leu Arg Cys Lys Arg Asp Val Phe Arg Gly Ala Arg Phe Ser Glu 

245 250 255 

Leu Leu Ala Pro Gin Asp Val Gly Val Phe Tyr Gly Ser Thr Thr Pro 

260 265 270 

Ser Arg Leu Pro Thr Trp Gly Thr Gly Thr Ser Ala Gly Ser Gly Leu 

275 280 285 

Lys Asp Phe Thr Gin Glu Lys Ser Val Phe Cys Arg He Arg Gly Gly 

290 295 300 

Pro Asp Arg Asp Pro Gly Pro Arg Tyr Gin Pro Phe Arg Leu Thr Pro 
305 310 315 320 

Tyr Val Thr Lys He Arg Val Ser Asp Gly Ala Pro Ala Gin Pro Cys 

325 330 335 

Cys Leu Leu He Ala Glu Arg He His Ser Gly Tyr Glu Ala Pro Arg 

340 345 350 

He Pro Pro Asp Lys Arg He Phe Thr Thr Arg His Thr Pro Ser Cys 

355 360 365 

Leu Phe Gin Asp Val Asp Glu Arg Ala Ala Pro Leu Leu Gly Tyr Leu 

370 375 380 

Pro Gin Asp Leu Leu Gly Ala Pro Val Leu Leu Phe Leu His Pro Glu 
385 390 395 400 

Asp Arg Pro Leu Met Leu Ala He His Lys Lys He Leu Gin Leu Ala 

405 410 415 

Gly Gin Pro Phe Asp His Ser Pro He Arg Phe Cys Ala Arg Asn Gly 

420 425 430 

Glu Tyr Val Thr Met Asp Thr Ser Trp Ala Gly Phe Val His Pro Trp 
435 440 445 
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Ser Arg Lys Val Ala Phe Val Leu Gly Arg Bis Lys Val Arg Thr Ala 

450 455 460 

Pro Leu Asn Glu Asp Val Phe Thr Pro Pro Ala Pro Ser Pro Ala Pro 
465 470 475 480 

Ser Leu Asp Ser Asp He Gin Glu Leu Ser Glu Gin He His Arg Leu 

485 490 495 

Leu Leu Gin Pro Val His Ser Ser Ser Pro Thr Gly Leu Cys Gly Val 

500 505 510 

Gly Pro Leu Met Ser Pro Gly Pro Leu His Ser Pro Gly Ser Ser Ser 

515 520 525 

Asp Ser Asn Gly Gly Asp Ala Glu Gly Pro Gly Pro Pro Ala Pro Val 

530 535 540 

Thr Phe Gin Gin He Cys Lys Asp Val His Leu Val Lys His Gin Gly 
545 550 555 560 

Gin Gin Leu Phe He Glu Ser Arg Ala Lys Pro Pro Pro Arg Pro Arg 

565 570 575 

Leu Leu Ala Thr Gly Thr Phe Lys Ala Lys Val Leu Pro Cys Gin Ser 

580 585 590 

Pro Asn Pro Glu Leu Glu Val Ala Pro Val Pro Asp Gin Ala Ser Leu 

595 600 605 

Ala Leu Ala Pro Glu Glu Pro Glu Arg Lys Glu Thr Ser Gly Cys Ser 

610 615 620 

Tyr Gin Gin lie Asn Cys Leu Asp Ser He Leu Arg Tyr Leu Glu Ser 
625 630 635 640 

Cys Asn He Pro Ser Thr Thr Lys Arg Lys Cys Ala Ser Ser Ser Ser 

645 650 655 

Tyr Thr Ala Ser Ser Ala Ser Asp Asp Asp Lys Gin Arg Ala Gly Pro 

660 665 670 

Val Pro Val Gly Ala Lys Lys Asp Pro Ser Ser Ala Met Leu Ser Gly 
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675 680 685 

Glu Gly Ala Thr Pro Arg Lys Glu Pro Val Val Gly Gly Thr Leu Ser 

690 695 700 

Pro Leu Ala Leu Ala Asn Lys Ala Glu Ser Val Val Ser Val Thr Ser 
705 710 715 720 

Gin Cys Ser Phe Ser Ser Thr lie Val His Val Gly Asp Lys Lys Pro 

725 730 735 

Pro Glu Ser Asp He lie Met Met Glu Asp Leu Pro Gly Leu Ala Pro 

740 745 750 

Gly Pro Ala Pro Ser Pro Ala Pro Ser Pro Thr Val Ala Pro Asp Pro 

755 760 765 

Thr Pro Asp Ala Tyr Arg Pro Val Gly Leu Thr Lys Ala Val Leu Ser 

770 775 780 

Leu His Thr Gin Lys Glu Glu Gin Ala Phe Leu Asn Arg Phe Arg Asp 
785 790 795 800 

Leu Gly Arg Leu Arg Gly Leu Asp Thr Ser Ser Val Ala Pro Ser Ala 

805 810 815 

Pro Gly Cys His His Gly Pro He Pro Pro Gly Arg Arg His His Cys 

820 825 830 

Arg Ser Lys Ala Lys Arg Ser Arg His His His His Gin Thr Pro Arg 

835 840 845 

Pro Glu Thr Pro Cys Tyr Val Ser His Pro Ser Pro Val Pro Ser Ser 

850 855 860 

Gly Pro Trp Pro Pro Pro Pro Ala Thr Thr Pro Phe Pro Ala Met Val 
865 870 875 880 

Gin Pro Tyr Pro Leu Pro Val Phe Ser Pro Arg Gly Gly Pro Gin Pro 

885 890 895 

Leu Pro Pro Ala Pro Thr Ser Val Ser Pro Ala Thr Phe Pro Ser Pro 
900 905 910 
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Leu Val Thr Pro Met Val Ala Leu Val Leu Pro Asn Tyr Leu Phe Pro 

915 920 925 

Thr Pro Pro Ser Tyr Pro Tyr Gly Val Ser Gin Ala Pro Val Glu Gly 

930 935 940 

Pro Pro Thr Pro Ala Ser His Ser Pro Ser Pro Ser Leu Pro Pro Pro 
945 950 955 960 

Pro Leu Ser Pro Pro His Arg Pro Asp Ser Pro Leu Phe Asn Ser Arg 

965 970 975 

Cys Ser Ser Pro Leu Gin Leu Asn Leu Leu Gin Leu Glu Glu Ser Pro 

980 985 990 

Arg Thr Glu Gly Gly Ala Ala Ala Gly Gly Pro Gly Ser Ser Ala Gly 

995 1000 1005 

Pro Leu Pro Pro Ser Glu Glu Thr Ala Glu Pro Glu Ala Arg Leu Val 

1010 1015 1020 

Glu Val Thr Glu Ser Ser Asn Gin Asp Ala Leu Ser Gly Ser Ser Asp 
1025 1030 1035 1040 

Leu Leu Glu Leu Leu Leu Gin Glu Asp Ser Arg Ser Gly Thr Gly Ser 

1045 1050 1055 

Ala Ala Ser Gly Ser Leu Gly Ser Gly Leu Gly Ser Gly Ser Gly Ser 

1060 1065 1070 

Gly Ser His Glu Gly Gly Ser Thr Ser Ala Ser lie Thr Arg Ser Ser 

1075 1080 1085 

Gin Ser Ser His Thr Ser Lys Tyr Phe Gly Ser He Asp Ser Ser Glu 

1090 1095 1100 

Ala Glu Ala Gly Ala Ala Arg Ala Arg Thr Glu Pro Gly Asp Gin Val 
1105 1110 1115 1120 

He Lys Cys Val Leu Gin Asp Pro He Trp Leu Leu Met Ala Asn Ala 

1125 1130 1135 

Asp Gin Arg Val Met Met Thr Tyr Gin Val Pro Ser Arg Asp Ala Ala 
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1140 1145 1150 

Ser Val Leu Lys Gin Asp Arg Glu Arg Leu Arg Ala Met Gin Lys Gin 

1155 1160 1165 

Gin Pro Arg Phe Ser Glu Asp Gin Arg Arg Glu Leu Gly Ala Val His 

1170 1175 1180 

Ser Trp Val Arg Lys Gly Gin Leu Pro Arg Ala Leu Asp Val Met Ala 
1185 1190 1195 1200 

Cys Val Asp Cys Gly Ser Ser Val Gin Asp Pro Gly His Ser Asp Asp 

1205 1210 1215 

Pro Leu Phe Ser Glu Leu Asp Gly Leu Gly Leu Glu Pro Met Glu Glu 

1220 1225 1230 

Gly Gly Gly Glu Gly Gly Gly Cys Gly Val Gly Gly Gly Gly Gly Asp 

1235 1240 1245 

Gly Gly Glu Glu Ala Gin Thr Gin He Gly Ala Lys Gly Ser Ser Ser 

1250 1255 1260 

Gin Asp Ser Ala Met Glu Glu Glu Glu Gin Gly Gly Gly Ser Ser Ser 
1265 1270 1275 1280 

Pro Ala Leu Pro Ala Glu Glu Asn Ser Thr Ser 
1285 1290 

iH^rj## : 3 
m^m^^ : 3873 

mmcDm : mm 
m<Dm : 

Se^JCDS^ : cDNA to mRNA 

n^^^tm^ : CDS 
#^Efi:g : 1..3873 

P 
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ATG AGT 
Met Ser 

1 

GGG GAA 
Gly Glu 

CAC GGG 
His Arg 

AGC AAT 
Ser Asn 

50 
GCA TOT 
Ala Ser 
65 

TCA GCC 
Ser Ala 

AGC CCA 
Ser Pro 

AGC TCA 
Ser Ser 



GGC CCC 
Gly Pro 

TCA TTT 
Ser Phe 

20 
CCT TGC 
Pro Cys 
35 

GGT TCA 
Gly Ser 

CAG CGG 
Gin Arg 

CTG CTG 
Leu Leu 

TCC CCA 
Ser Pro 
100 
GAG CAG 
Glu Gin 
115 

TCA GCC CGG GCA AGG ACT 
Ser Ala Arg Ala Arg Thr 
130 

CTC AAG CTT CGA CTG CCG 



CTA GAA 
Leu Glu 
5 

TGT CCT 
Cys Pro 

CCA GGC 
Pro Gly 

AGT GGC 
Ser Gly 

AGC TCA 
Ser Ser 

70 
GAG ACC 
Glu Thr 
85 

CCC AGC 
Pro Ser 

GAC AAC 
Asp Asn 



GGG GCT 
Gly Ala 

GGG GGC 
Gly Gly 

CCC AGC 
Pro Ser 
40 
AAT GAG 
Asn Glu 
55 

CAC AGC 
His Ser 

ACT GAG 
Thr Glu 

AGT TCC 
Ser Ser 



GAT GGG 
Asp Gly 
10 

GTC CCA 
Val Pro 

25 

CTG GCC 
Leu Ala 

TCC AAC 
Ser Asn 

TCC TCC 
Ser Ser 

AGC AGC 
Ser Ser 

90 
ATT GCC 
He Ala 
105 

CCG TCC ACC AGT 
Pro Ser Thr Ser 
120 

CAG AAG GAA CTC 
Gin Lys Glu Leu 
135 

CCA GAG CGC CGG 



GGA GGG GAC 
Gly Gly Asp 

TCC CCT GGG 
Ser Pro Gly 

GAT GAC ACC 
Asp Asp Thr 
45 

GGG CAT GAG 
Gly His Glu 
60 

TCA GGC AAC 
Ser Gly Asn 
75 

AAG AGC ACA 
Lys Ser Thr 

TAG AGC CTC 
Tyr Ser Leu 



CCC AGG CCT 
Pro Arg Pro 
15 

CCC CCA CAG 
Pro Pro Gin 
30 

GAT GCC AAC 
Asp Ala Asn 

TCT AGA GGC 
Ser Arg Gly 

GGC AAG GAC 
Gly Lys Asp 
80 

AAC TCT CAG 
Asn Ser Gin 
95 

CTG AGT GCC 
Leu Ser Ala 
110 

AGT GAA CAG 
Ser Glu Gin 



48 



GGC TGC AGC 
Gly Cys Ser 
125 

ATG ACA GCA 
Met Thr Ala 
140 

GGC AAG GGC CGC TCT GGG 



CTT CGA GAG 
Leu Arg Glu 



96 



144 



192 



240 



288 



336 



384 



432 



480 



2 7 



ailiE#^ 10-3082248 



9—267846 



Leu Lys Leu Arg Leu Pro Pro Glu Arg Arg Gly Lys Gly Arg Ser Gly 

145 150 155 160 

AGO CTG GCC ACG CTG GAG TAG GGA GTG GCC TGT GTC AAG GAG GTG GAG 528 

Thr Leu Ala Thr Leu Gin Tyr Ala Leu Ala Cys Val Lys Gin Val Gin 

165 170 175 

GCC AAC GAG GAA TAG TAG GAG GAG TGG AGC CTG GAG GAG GGG GAG CCT 576 

Ala Asn Gin Glu Tyr Tyr Gin Gin Trp Ser Leu Glu Glu Gly Glu Pro 

180 185 190 

TGG TGG ATG GAC ATG TCC ACG TAT ACG CTG GAG GAG CTG GAG CAC ATC 624 

Cys Ser Met Asp Met Ser Thr Tyr Thr Leu Glu Glu Leu Glu His He 

195 200 205 

ACG TCT GAG TAG ACA CTT GAG AAC GAG GAT ACC TTC TCA GTG GCT GTC 672 

Thr Ser Glu Tyr Thr Leu Gin Asn Gin Asp Thr Phe Ser Val Ala Val 

210 215 220 

TCC TTC CTG ACG GGC GGA ATC GTC TAG ATT TCG GAG GAG GGA GCC GTC 720 

Ser Phe Leu Thr Gly Arg He Val Tyr He Ser Glu Gin Ala Ala Val 

225 230 235 240 

CTG CTG CGT TGC AAG CGG GAC GTG TTC CGG GGT ACC GGC TTC TCT GAG 768 

Leu Leu Arg Cys Lys Arg Asp Val Phe Arg Gly Thr Arg Phe Ser Glu 

245 250 255 

GTC CTG GCT CGG GAG GAT GTG GGA GTC TTC TAT GGT TCC ACT GCT CCA 816 

Leu Leu Ala Pro Gin Asp Val Gly Val Phe Tyr Gly Ser Thr Ala Pro 

260 265 270 • 

TCT CGC CTG GCC ACC TGG GGC ACA GGG GCC TCA GCA GGT TCA GGC CTG 864 

Ser Arg Leu Pro Thr Trp Gly Thr Gly Ala Ser Ala Gly Ser Gly Leu 

275 280 285 

AGG GAC TTT ACC GAG GAG AAG TCC GTC TTC TGC CGT ATC AGA GGA GGT 912 

Arg Asp Phe Thr Gin Glu Lys Ser Val Phe Cys Arg He Arg Gly Gly 
290 295 300 
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CCT GAC CGG GAT CCA GGG CCT CGG TAC CAG CCA TTC CGC CTA ACC CCG 960 

Pro Asp Arg Asp Pro Gly Pro Arg Tyr Gin Pro Phe Arg Leu Thr Pro 

305 310 315 320 

TAT GTG ACC AAG ATC CGG GTC TCA GAT GGG GCC CCT GCA CAG CCG TGC 1008 

Tyr Val Thr Lys He Arg Val Ser Asp Gly Ala Pro Ala Gin Pro Cys 

325 330 335 

TGC CTG CTG ATT GCA GAG CGC ATC CAT TCG GGT TAC GAA GCT CCC CGG 1056 
Cys Leu Leu lie Ala Glu Arg He His Ser Gly Tyr Glu Ala Pro Arg 

340 345 350 

ATA CCC CCT GAC AAG AGG ATT TTC ACT ACG CGG CAC ACA CCC AGC TGC 1104 
He Pro Pro Asp Lys Arg He Phe Thr Thr Arg His Thr Pro Ser Cys 

355 360 365 

CTC TTC CAG GAT GTG GAT GAA AGG GCT GCC CCC CTG CTG GGC TAC CTG 1152 
Leu Phe Gin Asp Val Asp Glu Arg Ala Ala Pro Leu Leu Gly Tyr Leu 

370 375 380 

CCC CAG GAC CTC CTG GGG GCC CCA GTG CTC CTG TTC CTG CAT CCT GAG 1200 
Pro Gin Asp Leu Leu Gly Ala Pro Val Leu Leu Phe Leu His Pro Glu 
385 390 395 400 

GAC CGA CCC CTC ATG CTG GCT ATC CAC AAG AAG ATT CTG CAG TTG GGG 1248 
Asp Arg Pro Leu Met Leu Ala He His Lys Lys He Leu Gin Leu Ala 

405 410 415 

GGC CAG CCC TTT GAC CAC TCC CCT ATC CGC TTC TGT GCC CGC AAC GGG 1296 
Gly Gin Pro Phe Asp His Ser Pro He Arg Phe Cys Ala Arg Asn Gly 

420 425 430 

GAG TAT GTC ACC ATG GAC ACC AGC TGG GCT GGC TTT GTG CAC CCC TGG 1344 
Glu Tyr Val Thr Met Asp Thr Ser Trp Ala Gly Phe Val His Pro Trp 

435 440 • 445 

AGC CGC AAG GTA GCC TTC GTG TTG GGC CGC CAC AAA GTA CGC ACG GCC 1392 
Ser Arg Lys Val Ala Phe Val Leu Gly Arg His Lys Val Arg Thr Ala 

2 9 tmiE#¥ 1 0 - 3 0 8 2 2 4 8 



9—267846 



450 455 460 

CCC CTG AAT GAG GAG GTG TTC ACT COG CCG GCC CCC AGC CCA GCT CCC 1440 
Pro Leu Asn Glu Asp Val Phe Thr Pro Pro Ala Pro Ser Pro Ala Pro 
465 470 475 480 

TCC CTG GAC ACT GAT ATC GAG GAG CTG TCA GAG GAG ATC CAC CGG CTG 1488 
Ser Leu Asp Thr Asp He Gin Glu Leu Ser Glu Gin He His Arg Leu 

485 490 495 

CTG CTG GAG CCC GTC CAC AGC CCC AGC CCC ACG GGA CTC TGT GGA GTC 1536 
Leu Leu Gin Pro Val His Ser Pro Ser Pro Thr Gly Leu Cys Gly Val 

500 505 510 

GGC GCC GTG ACA TCC CCA GGC CCT CTC CAC AGC CCT GGG TCC TCC AGT 1584 
Gly Ala Val Thr Ser Pro Gly Pro Leu His Ser Pro Gly Ser Ser Ser 

515 520 525 

GAT AGC AAC GGG GGT GAT GGA GAG GGG CCT GGG CCT CCT GCG CCA GTG 1632 
Asp Ser Asn Gly Gly Asp Ala Glu Gly Pro Gly Pro Pro Ala Pro Val 

530 535 540 

ACT TTC GAG CAG ATC TGT AAG GAT GTG CAT CTG GTG AAG CAC CAG GGC 1680 
Thr Phe Gin Gin He Cys Lys Asp Val His Leu Val Lys His Gin Gly 
545 550 555 560 

CAG CAG CTT TTT ATT GAG TCT CGG GCC CGG CCT CAG TCC CGG CCC CGC 1728 
Gin Gin Leu Phe He Glu Ser Arg Ala Arg Pro Gin Ser Arg Pro Arg 

565 570 575 

CTC CCT GCT ACA GGC ACG TTC AAG GCC AAG GCC CTT CCC TGC CAA TCC 1776 
Leu Pro Ala Thr Gly Thr Phe Lys Ala Lys Ala Leu Pro Cys Gin Ser 

580 585 590 

CCA GAC CCA GAG CTG GAG GCG GGT TCT GCT CCC GTC CAG GCC CCA CTA 1824 
Pro Asp Pro Glu Leu Glu Ala Gly Ser Ala Pro Val Gin Ala Pro Leu 

595 600 , 605 

GCC TTG GTC CCT GAG GAG GCC GAG AGG AAA GAA GCC TCC AGC TGC TCC 1872 
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Ala Leu Val Pro Glu Glu Ala Glu Arg Lys Glu Ala Ser Ser Cys Ser 

610 615 620 

TAG GAG GAG ATC AAC TGG CTG GAG AGG ATC CTG AGG TAG CTG GAG AGG 1920 
Tyr Gin Gin lie Asn Gys Leu Asp Ser lie Leu Arg Tyr Leu Glu Ser 
625 630 635 640 

TGG AAG GTC GCC AGG AGG AGT A AG GGT AAA TGT GGC TGG TGC TGG TGG 1968 
Cys Asn Leu Pro Ser Thr Thr Lys Arg Lys Cys Ala Ser Ser Ser Ser 

645 650 655 

TAT AGG AGG TGC TGA GCC TGT GAG GAG GAG AGG GAG AGG AGA GGT CCA 2016 
Tyr Thr Thr Ser Ser Ala Ser Asp Asp Asp Arg Gin Arg Thr Gly Pro 

660 665 670 

GTC TGT GTG GGG ACC AAG AAA GAT GCG CCG TGA GGA GCG CTG TGT GGG 2064 
Val Ser Val Giy Thr Lys Lys Asp Pro Pro Ser Ala Ala Leu Ser Gly 

675 680 685 

GAG GGG GGG ACC CCA GGG AAG GAG CCA GTG GTG GGA GGC ACC GTG AGG 2112 
Glu Gly Ala Thr Pro Arg Lys Glu Pro Val Val Gly Gly Thr Leu Ser 

690 695 700 

CCG CTG GCC CTG GCC AAT AAG GCG GAG AGT GTG GTG TCG GTC AGO AGT 2160 
Pro Leu Ala Leu Ala Asn Lys Ala Glu Ser Val Val Ser Val Thr Ser 
705 710 715 720 

GAG TGT AGC TTC AGG TGG ACC ATC GTC CAT GTG GGA GAG AAG AAG GCC 2208 
Gin Cys Ser Phe Ser Ser Thr He Val His Val Gly Asp Lys Lys Pro 

725 730 735 

GCG GAG TCG GAC ATC ATC ATG ATG GAG GAG GTG GGT GGG GTA GCC CCA 2256 
Pro Glu Ser Asp He He Met Met Glu Asp Leu Pro Gly Leu Ala Pro 

740 745 750 

GGC CCA GCC GCC AGC CCA GCC GGC AGC GCC AGA GTA GCG CGT GAC CCA 2304 
Gly Pro Ala Pro Ser Pro Ala Pro Ser Pro Thr Val Ala Pro Asp Pro 
755 760 765 
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GCC CCA GAC GCC TAC CGT CCA GTG GGG CTG ACC AAG GCC GTG CTG TCC 2352 
Ala Pro Asp Ala Tyr Arg Pro Val Gly Leu Thr Lys Ala Val Leu Ser 

770 775 780 

CTG CAC ACA CAG AAG GAA GAG CAA GCC TTC CTC AGC CGC TTC CGA GAC 2400 
Leu His Thr Gin Lys Glu Glu Gin Ala Phe Leu Ser Arg Phe Arg Asp 
785 790 795 800 

CTG GGC AGG CTG CGT GGA CTC GAC AGC TCT TCC ACA GCT CCC TCA GCC 2448 
Leu Gly Arg Leu Arg Gly Leu Asp Ser Ser Ser Thr Ala Pro Ser Ala 

805 810 815 

CTT GGC GAG CGA GGC TGC CAC CAC GGC CCC GCA CCC CCA AGC CGC CGA 2496 
Leu Gly Glu Arg Gly Cys His His Gly Pro Ala Pro Pro Ser Arg Arg 

820 825 830 

CAC CAC TGC CGA TCC AAA GCC AAG CGC TCA CGC CAC CAC CAG AAC CCT 2544 
His His Cys Arg Ser Lys Ala Lys Arg Ser Arg His His Gin Asn Pro 

835 840 845 

CGG GCT GAA GCG CCC TGC TAT GTC TCA CAC CCC TCA CCC GTG CCA CCC 2592 
Arg Ala Glu Ala Pro Cys Tyr Val Ser His Pro Ser Pro Val Pro Pro 

850 855 860 

TCC ACC CCC TGG CCC ACC CCA CCA GCC ACT ACC CCC TTC CCA GCG GTT 2640 
Ser Thr Pro Trp Pro Thr Pro Pro Ala Thr Thr Pro Phe Pro Ala Val 
865 870 875 880 

GTC CAG CCC TAC CCT CTC CCA GTG TTC TCT CCT CGA GGA GGC CCC CAG 2688 
Val Gin Pro Tyr Pro Leu Pro Val Phe Ser Pro Arg Gly Gly Pro Gin 

885 890 895 

CCT CTT CCC CCT GCT CCC ACA TCT GTG CCC CCA GCT GCT TTC CCC GCC 2736 
Pro Leu Pro Pro Ala Pro Thr Ser Val Pro Pro Ala Ala Phe Pro Ala 

900 905 910 

CCT TTG GTG ACC CCA ATG GTG GCC TTG GTG CTC CCT AAC TAT CTG TTC 2784 
Pro Leu Val Thr Pro Met Val Ala Leu Val Leu Pro Asn Tyr Leu Phe 
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915 920 925 

CCA ACC CCA TCC AGC TAT CCT TAT GGG GCA CTC CAG ACC CCT GCT GAA 2832 

Pro Thr Pro Ser Ser Tyr Pro Tyr Gly Ala Leu Gin Thr Pro Ala Glu 

930 935 940 

GGG CCT CCC ACT CCT GCC TCG CAC TCC CCT TCT CCA TCC TTG CCC GCC 2880 

Gly Pro Pro Thr Pro Ala Ser His Ser Pro Ser Pro Ser Leu Pro Ala 
945 950 955 960 

CTC CCC CCG ACT CCT CCT CAC CGC CCG GAC TCT CCA CTG TTC AAC TCG 2928 

Leu Pro Pro Ser Pro Pro His Arg Pro Asp Ser Pro Leu Phe Asn Ser 

965 " 970 975 

AGA TGC AGC TCT CCA CTC CAG CTC AAT CTG CTG CAG CTG GAG GAG CTC 2976 

Arg Cys Ser Ser Pro Leu Gin Leu Asn Leu Leu Gin Leu Glu Glu Leu 

980 985 990 

CCC CGT GCT GAG GGG GCT GCT GTT GCA GGA GGC CCT GGG AGC AGT GCC 3024 

Pro Arg Ala Glu Gly Ala Ala Val Ala Gly Gly Pro Gly Ser Ser Ala 

995 1000 1005 

GGG CCC CCA CCT CCC AGT GCG GAG GCT GCT GAG CCA GAG GCC AGA CTG 3072 

Gly Pro Pro Pro Pro Ser Ala Glu Ala Ala Glu Pro Glu Ala Arg Leu 

1010 1015 1020 

GCG GAG GTC ACT GAG TCC TCC AAT CAG GAC GCA CTT TCC GGC TCC AGT 3120 

Ala Glu Val Thr Glu Ser Ser Asn Gin Asp Ala Leu Ser Gly Ser Ser 
1025 1030 1035 1040 

GAC CTG CTC GAA CTT CTG CTG CAA GAG GAC TCG CGC TCC GGC ACA GGC 3168 

Asp Leu Leu Glu Leu Leu Leu Gin Glu Asp Ser Arg Ser Gly Thr Gly 

1045 1050 1055 

TCC GCA GCC TCG GGC TCC TTG GGC TCT GGC TTG GGC TCT GGG TCT GGT 3216 

Ser Ala Ala Ser Gly Ser Leu Gly Ser Gly Leu Gly Ser Gly Ser Gly 

1060 1065 1070 

TCA GGC TCC CAT GAA GGG GGC AGC ACC TCA GCC AGC ATC ACT CGC AGC 3264 
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Ser Gly Ser His Glu Gly Gly Ser Thr Ser Ala Ser He Thr Arg Set 

1075 1080 1085 

AGO CAG AGC AGC CAC ACA AGO AAA TAG TTT GGC AGC ATC GAG TCI TCC 3312 
Ser Gin Ser Ser His Thr Ser Lys Tyr Phe Gly Ser He Asp Ser Ser 

1090 1095 1100 

GAG GCT GAG GCT GGG GCT GCT CGG GGC GGG GOT GAG CCT GGG GAG CAG 3360 
Glu Ala Glu Ala Gly Ala Ala Arg Gly Gly Ala Glu Pro Gly Asp Gin 
1105 1110 1115 1120 

GTG ATT AAG TAC GTG CTC CAG GAT CCC ATT TGG CTG CTC ATG GCC AAT 3408 
Val He Lys Tyr Val Leu Gin Asp Pro He Trp Leu Leu Met Ala Asn 

1125 1130 1135 

GCT GAC CAG GGC GTC ATG ATG ACC TAG CAG GTG CCC TCC AGG GAG ATG 3456 
Ala Asp Gin Arg Val Met Met Thr Tyr Gin Val Pro Ser Arg Asp Met 

1140 1145 1150 

ACC TCT GTG CTG AAG CAG GAT CGG GAG CGG CTC CGA GCC ATG CAG AAG 3504 
Thr Ser Val Leu Lys Gin Asp Arg Glu Arg Leu Arg Ala Met Gin Lys 

1155 1160 1165 

CAG CAG CCT CGG TTT TCT GAG GAC CAG CGG CGG GAA CTG GGT GCT GTG 3552 
Gin Gin Pro Arg Phe Ser Glu Asp Gin Arg Arg Glu Leu Gly Ala Val 

1170 1175 1180 

CAC TCC TGG GTC CGG AAG GGC CAA CTG CCT CGG GCT CTT GAT GTG ATG 3600 
His Ser Trp Val Arg Lys Gly Gin Leu Pro Arg Ala Leu Asp Val Met 
1185 1190 1195 1200 

GCC TGT GTG GAC TGT GGG AGC AGC AGC CAA GAT CCT GGT CAC CCT GAT 3648 
Ala Cys Val Asp Cys Gly Ser Ser Thr Gin Asp Pro Gly His Pro Asp 

1205 1210 1215 

GAG CCA CTC TTC TCA GAG CTG GAT GGA CTG GGG CTG GAG CCC ATG GAA 3696 
Asp Pro Leu Phe Ser Glu Leu Asp Gly Leu Gly Leu Glu Pro Met Glu 
1220 1225 1230 
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GAG GGT GGA GGC GAG GAG GGC AGO AGO GGT GGC GGC AGT GGT GAG GGA 3744 
Glu Gly Gly Gly Glu Gin Gly Ser Ser Gly Gly Gly Set Gly Glu Gly 

1235 1240 1245 

GAG GGC TGC GAG GAG GCC CAA GGC GGG GCC AAG GCT TCA AGC TCT CAG 3792 
Glu Gly Cys Glu Glu Ala Gin Gly Gly Ala Lys Ala Ser Ser Ser Gin 

1250 1255 1260 

GAC TTG GCT ATG GAG GAG GAG GAA GAA GGC AGG AGC TCA TCC AGT CCA 3840 
Asp Leu Ala Met Glu Glu Glu Glu Glu Gly Arg Ser Ser Ser Ser Pro 
1265 1270 1275 1280 

GCC TTA CCT ACA GCA GGA AAC TGC ACC AGC TAG 3873 
Ala Leu Pro Thr Ala Gly Asn Cys Thr Ser 
1285 1290 

iE^J## : 4 
m^SO^-^ : 3876 

BE^joM : mm 

MM(DMM : cDNA to mRNA 

#^^*-riH# : CDS 
#^E&g : 1..3876 

Mm 

ATG AGT GGT CCC CTA GAA GGG GCC GAT GGG GGA GGA GAC CCC AGG CCC 48 
Met Ser Gly Pro Leu Glu Gly Ala Asp Gly Gly Gly Asp Pro Arg Pro 
1 5 10 15 

GGA GAA CCT TTT TGT CCT GGA GGA GTC CCA TCC CCT GGG GCC CCG CAG 96 
Gly Glu Pro Phe Cys Pro Gly Gly Val Pro Ser Pro Gly Ala Pro Gin 
20 25 30 
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CAC CGG CCT 
His Arg Pro 

35 

AGC AAT GGC 
Ser Asn Gly 
50 

GCA TCT GAG 
Ala Ser Gin 
65 

TCA GOT CTG 
Ser Ala Leu 

AGC CCA TCC 
Ser Pro Ser 

AGC TCA GAG 
Ser Ser Glu 
115 

TCA GCT CGA 
Ser Ala Arg 

130 
CTC AAA CTT 
Leu Lys Leu 
145 

ACC TTG GCC 
Thr Leu Ala 

GCT AAC CAG 
Ala Asn Gin 



TGT CCA GGC 
Cys Pro Gly 

TCA ACT GGC 
Ser Ser Gly 

CGG AGT TCT 
Arg Ser Ser 
70 

CTG GAG ACC 
Leu Glu Thr 
85 

CCA CCC AGC 
Pro Pro Ser 
100 

CAG GAC AAC 
Gin Asp Asn 

GCC AGG ACC 
Ala Arg Thr 

CGA CTG CCA 
Arg Leu Pro 
150 

ACA CTG CAG 
Thr Leu Gin 

165 
GAA TAT TAC 
Glu Tyr Tyr 



CCC AGC 
Pro Ser 

40 
AAT GAG 
Asn Glu 
55 

CAT AGT 
His Ser 

ACT GAG 
Thr Glu 

AGC TCC 
Ser Ser 

CCA TCT 
Pro Ser 
120 
CAG AAA 
Gin Lys 
135 

CCA GAG 
Pro Glu 

TAC GCT 
Tyr Ala 

CAG CAG 
Gin Gin 



CTG GCT GAT GAC 
Leu Ala Asp Asp 



TCC AAC 
Ser Asn 

TCC TCT 
Ser Ser 

AGC AGC 
Ser Ser 

90 
ATT GCC 
He Ala 
105 

ACC AGT 
Thr Ser 

GAA CTC 
Glu Leu 

CGT CGG 
Arg Arg 

CTG GCC 
Leu Ala 
170 
TGG AGT 
Trp Ser 



GGA CCC 
Gly Pro 

60 
TCT GGC 
Ser Gly 
75 

AAG AGT 
Lys Ser 

TAC AGC 
Tyr Ser 

GGC TGC 
Gly Cys 

ATG ACT 
Het Thr 
140 
GGC AAG 
Gly Lys 
155 

TGT GTC 
Cys Val 

CTG GAG 
Leu Glu 

3 6 



ACT GAT GCA AAC 
Thr Asp Ala Asn 
45 

GAG TCC AGG GGC 
Glu Ser Arg Gly 



144 



AAT GGC 
Asn Gly 

ACA AAC 
Thr Asn 

CTC CTG 
Leu Lieu 
110 
AGC AGT 
Ser Ser 
125 

GCA CTT 
Ala Leu 



AAG GAC 
Lys Asp 

80 
TCA CAG 
Ser Gin 
95 

AGT GCG 
Ser Ala 

GAA CAG 
Glu Gin 

CGG GAG 
Arg Glu 



192 



240 



288 



336 



384 



432 



GGC CGC TCT GGG 480 
Gly Arg Ser Gly 
160 

AAG CAG GTT CAG 528 
Lys Gin Val Gin 
175 

GAG GGT GAG CCT 576 
Glu Gly Glu Pro 
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180 185 190 

TGT GCC ATG GAC ATG TCT ACT TAG ACC CTG GAG GAA TTG GAG CAT ATC 624 
Cys Ala Met Asp Met Ser Thr Tyr Thr Leu Glu Glu Leu Glu His lie 

195 200 205 

ACA TCC GAA TAG ACA CTT CGA AAC GAG GAC ACC TTC TCT GTG GCT GTG 672 
Thr Ser Glu Tyr Thr Leu Arg Asn Gin Asp Thr Phe Ser Val Ala Val 

210 215 220 

TCC TTC CTG ACA GGC CGG ATT GTC TAT ATT TCG GAG CAG GCA GOT GTC 720 
Ser Phe Leu Thr Gly Arg He Val Tyr He Ser Glu Gin Ala Gly Val 
225 230 235 240 

CTG CTG CGT TGC AAA CGG GAT GTG TTT CGG GGT GCC CGC TTC TCA GAG 768 
Leu Leu Arg Cys Lys Arg Asp Val Phe Arg Gly Ala Arg Phe Ser Glu 

245 250 255 

CTC CTG GCT CCC CAG GAT GTG GGT GTC TTC TAT GGC TCT ACT ACA CCA 816 
Leu Leu Ala Pro Gin Asp Val Gly Val Phe Tyr Gly Ser Thr Thr Pro 

260 265 270 

TCT CGA CTG CCC ACC TGG GGC ACT GGC ACC TCT GCA GGT TCA GGT CTC 864 
Ser Arg Leu Pro Thr Trp Gly Thr Gly Thr Ser Ala Gly Ser Gly Leu 

275 280 285 

AAG GAC TTC ACC CAG GAA AAG TCT GTC TTC TGC CGA ATC AGA GGA GGT 912 
Lys Asp Phe Thr Gin Glu Lys Ser Val Phe Cys Arg He Arg Gly Gly 

290 295 300 

CCT GAC CGG GAT CCA GGG GCT CGG TAC CAG CCA TTC CGC CTA ACC CCA 960 
Pro Asp Arg Asp Pro Gly Pro Arg Tyr Gin Pro Phe Arg Leu Thr Pro 
305 310 315 320 

TAT GTG ACC AAG ATT CGG GTC TCA GAT GGA GCC CCT GCA CAG CCG TGC 1008 
Tyr Val Thr Lys He Arg Val Ser Asp Gly Ala Pro Ala Gin Pro Cys 

325 330 335 

TGC CTA CTC ATT GCC GAG CGC ATC CAC TCT GGT TAT GAA GCT CCC CGG 1056 
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Cys Leu Leu lie Ala Glu Arg He His Ser Gly Tyr Glu Ala Pro Arg 

340 345 350 

ATC CCT CCT GAG AAG AGG ATC TTC ACC AGO CGA GAG ACA CCA AGC TGC 1104 

lie Pro Pro Asp Lys Arg He Phe Thr Thr Arg His Thr Pro Ser Cys 

355 360 365 

CTC TTC GAG GAT GTA GAT GAA AGG GCT GGC CCA CTG CTG GGT TAG CTT 1152 

Leu Phe Gin Asp Val Asp Glu Arg Ala Ala Pro Leu Leu Gly Tyr Leu 

370 375 380 

CCC GAG GAT CTC CTG GGG GCT CCA GTA CTT CTC TTT CTA CAT CCT GAG 1200 

Pro Gin Asp Leu Leu Gly Ala Pro Val Leu Leu Phe Leu His Pro Glu 

385 390 395 400 

GAG CGA CCC CTC ATG CTG GCC ATT CAT AAG AAG ATA CTG GAG CTG GCA 1248 

Asp Arg Pro Leu Met Leu Ala He His Lys Lys lie Leu Gin Leu Ala 

405 410 415 

GGC GAG CCC TTT GAC CAT TCC CCT ATT GGC TTC TGT GCT CGG AAC GGG 1296 

Gly Gin Pro Phe Asp His Ser Pro He Arg Phe Cys Ala Arg Asn Gly 

420 425 430 

GAA TAT GTC ACC ATG GAC ACC AGC TGG GCC GGT TTT GTG CAC CCC TGG 1344 

Glu Tyr Val Thr Met Asp Thr Ser Trp Ala Gly Phe Val His Pro Trp 

435 440 445 

AGC CGC AAG GTG GCT TTC GTG TTG GGT CGC CAT AAA GTG CGC ACG GCA 1392 

Ser Arg Lys Val Ala Phe Val Leu Gly Arg His Lys Val Arg Thr Ala 

450 455 460 

CCC CTG AAT GAG GAC GTC TTC ACT CCC CCA GCC CCC AGC CCA GCT CCG 1440 

Pro Leu Asn Glu Asp Val Phe Thr Pro Pro Ala Pro Ser Pro Ala Pro 

465 470 475 480 

TCC CTG GAC TGT GAT ATC CAG GAG CTC TCA GAG GAG ATC CAT CGA TTG 1488 

Ser Leu Asp Ser Asp He Gin Glu Leu Ser Glu Gin He His Arg Leu 
485 490 495 
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CTG CTG CAG 
Leu Leu Gin 

GGC OCT CTG 
Gly Pro Leu 
515 

GAT AGC AAT 
Asp Ser Asn 

530 
ACT TTC CAG 
Thr Phe Gin 
545 

CAA CAG CTC 
Gin Gin Leu 

CTC CTT GOT 
Leu Leu Ala 

CCA AAC CCC 
Pro Asn Pro 
595 

GCC TTG GCC 
Ala Leu Ala 

610 
TAG CAG CAG 
Tyr Gin Gin 
625 

TGC AAC ATT 
Cys Asn He 



CCT GTG 
Pro Val 
500 

ATG TCC 
Met Ser 

GGG GGG 
Gly Gly 

CAG ATC 
Gin He 

TTC ATT 
Phe He 
565 
ACA GGT 
Thr Gly 
580 

GAA CTG 
Glu Lett 

CCT GAG 
Pro Glu 

ATC AAC 
He Asn 

CCC AGT 
Pro Ser 



CAC AGC 
His Ser 

CCT GGT 
Pro Gly 

GAC GCT 
Asp Ala 
535 
TGT AAG 
Cys Lys 
550 

GAA TCT 
Glu Ser 

ACA TTC 
Thr Phe 

GAG GTG 
Glu Val 

GAG CCA 
Glu Pro 
615 
TGC CTG 
Cys Leu 
630 

ACA ACC 
Thr Thr 



TCC AGC 
Ser Ser 
505 
CCT CTA 
Pro Leu 
520 

GAG GGG 
Glu Gly 

GAT GTG 
Asp Val 

CGG GCC 
Arg Ala 

AAA GCC 
Lys Ala 
585 
GCC CCA 
Ala Pro 
600 

GAG AGG 
Glu Arg 

GAC AGC 
Asp Ser 

AAG CGT 
Lys Arg 



CCC ACG GGG 
Pro Thr Gly 

CAC AGC CCT 
His Ser Pro 

CCT GGG CCT 
Pro Gly Pro 
540 

CAT CTG GTA 
His Leu Val 

555 
AAG CCC CCA 
Lys Pro Pro 
570 

AAA GTC CTT 
Lys Val Leu 

GTT CCT GAC 
Val Pro Asp 

AAA GAA ACC 
Lys Glu Thr 
620 

ATC CTC AGG 
He Leu Arg 

635 
AAA TGT GCC 
Lys Cys Ala 



CTC TGT GGA GTT 
Leu Cys Gly Val 
510 

GGC TCC TCC AGT 
Gly Ser Ser Ser 
525 

CCT GCT CCA GTG 
Pro Ala Pro Val 



1536 



AAG CAC 
Lys His 

CCC CGG 
Pro Arg 

CCC TGC 
Pro Cys 
590 
CAA GCC 
Gin Ala 
605 

TCT GGC 
Ser Gly 



CAG GGA 
Gin Gly 
560 
CCC CGC 
Pro Arg 
575 

CAG TCC 
Gin Ser 

TCG TTA 
Ser Leu 

TGT TCC 
Cys Ser 



TAT TTG GAG AGC 
Tyr Leu Glu Ser 
640 

TCC TCC TCC TCC 
Ser Ser Ser Ser 



1584 



1632 



1680 



1728 



1776 



1824 



1872 



1920 



1968 
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645 650 655 

TAG ACT GCC TCT TCA GCC TCT GAT GAT GAG AAG GAG AGG GCA GGT CCA 2016 

Tyr Thr Ala Ser Ser Ala Ser Asp Asp Asp Lys Gin Arg Ala Gly Pro 

660 665 670 

GTT CCT GTG GGG GCC AAG AAA GAT CCG TCG TCA GCA ATG CTG TCT GGG 2064 

Val Pro Val Gly Ala Lys Lys Asp Pro Ser Ser Ala Met Leu Ser Gly 

675 680 685 

GAG GGG GCA ACT CCT CGG AAG GAG CCA GTG GTG GGA GGC ACC CTG AGC 2112 

Glu Gly Ala Thr Pro Arg Lys Glu Pro Val Val Gly Gly Thr Leu Ser 

690 695 700 

CCG CTC GCC CTG GCC AAT AAG GCA GAG AGC GTG GTG TCC GTC ACC AGT 2160 

Pro Leu Ala Leu Ala Asn Lys Ala Glu Ser Val Val Ser Val Thr Ser 
705 710 715 720 

CAG TGT AGC TTC AGC TCC ACC ATC GTC CAT GTG GGA GAC AAG AAG CCC 2208 

Gin Cys Ser Phe Ser Ser Thr He Val His Val Gly Asp Lys Lys Pro 

725 730 735 

CCG GAG TCG GAC ATC ATC ATG ATG GAA GAC CTG CCT GGC CTG GCC CCT 2256 

Pro Glu Ser Asp He He Met Met Glu Asp Leu Pro Gly Leu Ala Pro 

740 745 750 

GGC CCA GCC CCC AGT CCG GCC CCC AGC CCC ACA GTA GCC CCT GAC CCA 2304 

Gly Pro Ala Pro Ser Pro Ala Pro Ser Pro Thr Val Ala Pro Asp Pro 

755 .760 765 

ACC CCA GAT GCT TAT CGC CCA GTG GGT CTG ACC AAG GCC GTG CTG TCC 2352 

Thr Pro Asp Ala Tyr Arg Pro Val Gly Leu Thr Lys Ala Val Leu Ser 

770 775 780 

CTG CAC ACA CAG AAG GAA GAG CAA GCC TTC CTC AAC CGC TTC AGA GAT 2400 

Leu His Thr Gin Lys Glu Glu Gin Ala Phe Leu Asn Arg Phe Arg Asp 
785 790 795 800 

CTT GGC AGG CTT CGT GGA CTT GAC ACC TCT TCT GTG GCC CCC TCA GCC 2448 
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Leu Gly Arg Leu Arg Gly Leu Asp Thr Ser Ser Val Ala Pro Ser Ala 

805 810 815 

COT GGC TGC GAG GAT GGG GCG ATT GCG GCT GGT GGG GGA GAG GAG TGG 2496 
Pro Gly Gys His His Gly Pro He Pro Pro Gly Arg Arg His His Gys 

820 825 830 

CGA TGT AAA GGA AAG GGT TGG CGC GAG GAG GAG GAG GAG ACG GGC GGG 2544 
Arg Ser Lys Ala Lys Arg Ser Arg His His His His Gin Thr Pro Arg 

835 840 845 

GGG GAA ACT GGG TGC TAT GTG TGC CAT GCT TCA GGT GTG GCG TCT TGT 2592 
Pro Glu Thr Pro Gys Tyr Val Ser His Pro Ser Pro Val Pro Ser Ser 

850 855 860 

GGA CGC TGG CCA GCG GGA GGA GGC ACG ACG GCG TTG CCA GGA ATG GTG 2640 
Gly Pro Trp Pro Pro Pro Pro Ala Thr Thr Pro Phe Pro Ala Met Val 
865 870 875 880 

GAG CGC TAG GGA GTG CCA GTA TTC TGC GGT GGA GGA GGA GCG GAG GGG 2688 
Gin Pro Tyr Pro Leu Pro Val Phe Ser Pro Arg Gly Gly Pro Gin Pro 

885 890 895 

GTT CGC GCT GCG GCT ACA TCT GTG TGC GCT GGT ACG TTG GCT TCT GCG 2736 
Leu Pro Pro Ala Pro Thr Ser Val Ser Pro Ala Thr Phe Pro Ser Pro 

900 905 910 

TTA GTG ACG GGA ATG GTG GGG TTG GTG GTG GGT AAG TAT GTA TTG GGT 2784 
Leu Val Thr Pro Met Val Ala Leu Val Leu Pro Asn Tyr Leu Phe Pro 

915 920 925 

ACG CCA GCT AGT TAT GGA TAT GGG GTG TGC GAG GCG GCT GTT GAG GGG 2832 
Thr Pro Pro Ser Tyr Pro Tyr Gly Val Ser Gin Ala Pro Val Glu Gly 

930 935 940 

CCA CGC ACG GCT GCT TGC CAC TGG GCG TCT GGA TGC GTG GGG CCA GGA 2880 
Pro Pro Thr Pro Ala Ser His Ser Pro Ser Pro Ser Leu Pro Pro Pro 
945 950 955 960 
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CCT CTC AGC CCC CCC CAC CGC CCA GAC TCC CCA CTG TTC AAC TCG AGA 2928 
Pro Leu Ser Pro Pro His Arg Pro Asp Ser Pro Leu Phe Asn Ser Arg 

965 970 975 

TGC AGC TCC CCA CTC CAG CTC AAT CTG CTG CAG CTT GAG GAG TCC CCC 2976 
Cys Ser Ser Pro Leu Gin Leu Asn Leu Leu Gin Leu Glu Glu Ser Pro 

980 985 990 

CGC ACG GAG GGG GGC GCT GCT GCA GGA GGC CCA GGA AGC ACT GCT GGG 3024 
Arg Thr Glu Gly Gly Ala Ala Ala Gly Gly Pro Gly Ser Ser Ala Gly 

995 1000 1005 

CCC CTG CCT CCC ACT GAG GAG ACT GCT GAG CCA GAG GCC AGA TTG GTG 3072 
Pro Leu Pro Pro Ser Glu Glu Thr Ala Glu Pro Glu Ala Arg Leu Val 

1010 1015 1020 

GAG GTT ACT GAG TCG TCC AAT CAG GAT GCA CTT TCA GGC TCC AGC GAC 3120 
Glu Val Thr Glu Ser Ser Asn Gin Asp Ala Leu Ser Gly Ser Ser Asp 
1025 1030 1035 1040 

CTG CTG GAG CTA CTG CTC CAA GAA GAC TCT CGC TCG GGC ACA GGC TCC 3168 
Leu Leu Glu Leu Leu Leu Gin Glu Asp Ser Arg Ser Gly Thr Gly Ser 

1045 1050 1055 

GCA GCC TCA GGC TCC CTG GGC TCT GGC CTG GGC TCT GGG TCT GGT TCA 3216 
Ala Ala Ser Gly Ser Leu Gly Ser Gly Leu Gly Ser Gly Ser Gly Ser 

1060 1065 1070 

GGA TCC CAC GAA GGG GGA AGC ACC TCA GCC AGC ATC ACC CGC AGC ACT 3264 
Gly Ser His Glu Gly Gly Ser Thr Ser Ala Ser He Thr Arg Ser Ser 

1075 1080 1085 

CAG AGC AGC CAT ACA AGC AAG TAC TTT GGC AGC ATC GAC TCT TCC GAG 3312 
Gin Ser Ser His Thr Ser Lys Tyr Phe Gly Ser He Asp Ser Ser Glu 

1090 1095 1100 

GCT GAA GCT GGG GCT GCT CGG GCC AGG ACT GAG CCT GGG GAC CAG GTC 3360 
Ala Glu Ala Gly Ala Ala Arg Ala Arg Thr Glu Pro Gly Asp Gin Val 
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1105 1110 1115 1120 

ATT AAG TGT GTG CTC GAG GAG CGC ATC TGG CTG CTC ATG GCC AAT GOG 3408 

lie Lys Cys Val Leu Gin Asp Pro He Trp Leu Leu Met Ala Asn Ala 

1125 1130 1135 

GAG GAG CGT GTG ATG ATG ACA TAG GAG GTG GGG TGG AGG GAT GCA GCC 3456 
Asp Gin Arg Val Met Met Thr Tyr Gin Val Pro Ser Arg Asp Ala Ala 

1140 1145 1150 

TCT GTG CTG AAG CAA GAC GGG GAG AGG CTC GGG GCC ATG GAG AAA GAG 3504 
Ser Val Leu Lys Gin Asp Arg Glu Arg Leu Arg Ala Met Gin Lys Gin 

1155 1160 1165 

GAG CCA GGG TTG TCA GAG GAG GAG AGG GGG GAA CTG GGT GCT GTG GAG 3552 
Gin Pro Arg Phe Ser Glu Asp Gin Arg Arg Glu Leu Gly Ala Val His 

1170 1175 1180 

TCC TGG GTG GGG AAG GGC CAG CTG GCT GGG GCC CTT GAT GTG ATG GCG 3600 
Ser Trp Val Arg Lys Gly Gin Leu Pro Arg Ala Leu Asp Val Met Ala 
1185 1190 1195 1200 

TGT GTG GAC TGT GGC AGC AGG GTT CAA GAT CGT GGC GAG TCT GAT GAC 3648 
Cys Val Asp Cys Gly Ser Ser Val Gin Asp Pro Gly His Ser Asp Asp 

1205 1210 1215 

CCG CTC TTG TCA GAA CTG GAT GGA TTG GGG CTG GAG CGC ATG GAA GAG 3696 
Pro Leu Phe Ser Glu Leu Asp Gly Leu Gly Leu Glu Pro Met Glu Glu 

1220 1225 1230 

GGT GGA GGC GAG GGT GGT GGG TGT GGT GTT GGC GGC GGT GGG GGT GAT 3744 
Gly Gly Gly Glu Gly Gly Gly Cys Gly Val Gly Gly Gly Gly Gly Asp 

1235 1240 1245 

GGT GGT GAG GAG GCC CAG ACC CAA ATT GGG GCT AAG GGT TCA AGC TCT 3792 
Gly Gly Glu Glu Ala Gin Thr Gin He Gly Ala Lys Gly Ser Ser Ser 

1250 1255 1260 

CAG GAC TCT GCC ATG GAG GAA GAA GAG CAA GGT GGG GGC TCA TCC AGC 3840 
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Gin Asp Ser Ala Met Glu Glu Glu Glu Gin Gly Gly Gly Ser Ser Ser 
1265 1270 1275 1280 

CCA GCT TTA CCT GCA GAA GAA AAC AGC ACC AGC TAG 3876 
Pro Ala Leu Pro Ala Glu Glu Asn Ser Thr Ser 
1285 1290 

[01] 

IMS-PCR^c^^■j•-5::^^'f•v'-g^^J§:igtf-rs:t*?)^cMv^fePAsy if- h\H07 5. 

[02] 

3bp®^ #N^^M«?S^#-eiO%#^^1$PAGE>!;';i/±T'^l&$ 
"^t^n^^m^^^-tW^MX'&^o ^fc, ly-ymzit. lObpcDDNA^^S?*- (BRL 
) $:^g&$-&fee 
[03] 

mS-PCRCDPCR^ifel C^WX'^Lt=.ly-y) 59bp, 65bp. ^ i: Uf68bp(D3bp 
[04] 

PERIOD ^'T ^ y -©r^ y^iBM®it;^$:^-r0T'fe^c hDIAU mDIAU PERI 

m^^tcitAiz J: ^mm^-fB^it^mm^u ci-ceiiiy a 3 ao:®^ 

$ tl T V ^ ^ PERI OD(Z>^iUc 2: ^ -r 
[05] 

PERlOdy 7 -0)7 ^ >fmmy^i<Dit^^^-tmX^^. WUU mDIAL, PERI 

omt. ^ti-rtinh, T':7x, i:/3 3 "^^/t 01(7) PERIOD?:^ -to ffinse^JttM 

Utt=.lt,^JZj:^mm-^iZj:Vmiyr^. NLS, PAS-Ayif-h, PAS-BU tf- 
j3<l:tJfCLD(cMi;£;-r'5SS^JtCliT?«$:5l^. TGU tf- h (H h j3<fc tJ^ n":7:7.(3DPER 
TliSGUtf-h) $:Eg#•eH^7co H hPERI0Di:-=r'^>^.PERI0Di:(Dr^C5T^ y ^ 
hPERI0DiH^J®±C7)T^5^y ::^^{C<fc y^b^tic Wai&^PERIODi: 
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3iPERI0D@23«J® T® t::^-^ y :^ ^ ^ <i: U^^PPIC J: y ^ b fe„ 
[0 6] 

[EI7] 

[08] 

LD (±) fe^tJtDD (T) ^#TT'®Vt7^Mcfi(^mPerCD-r >if>f ^;i-y\>ry 
[09] 

LD (±) fe<}:tJfDD (T) ^#Ti:®-r >-y--f 5^^-/N>f :/y ^>rif-S/3>^ 

S:^»b:t^^^^-r0T'^-5o ^Mli, ¥±^'fit±SEM (n = 5) T$>Sc ZTl 
6^7bliCT16{Cfclt<&ffii:Jt^LT (ANOVA) , * * l±^S7Kipl%'ZrWST'^ U 

[010] 

LD (±) ^J:t?DD (T) ^#TT'®mPer mRNA(Dg|-^RT-PCR^i?tf&^'r0T'^ 
-g>„ AmPeriimPeriS-^a^^ratL, A /S-T ^5=->tt/S -T^^5^>^'^®^$:^i- 
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[02] 



(bp) 53 57 60 65 71 77 83 89 95 101 107 113 
56 59 62 68 74 80 86 92 98 104 110 M 
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»31 
»0 




hCXAI. 
VJEKJLDD 



bDXAXi V** ' »*"M]****'"'-''^-***™^0**"ff*TTtJ"P*rHI^WT?yTiKT}nP'f^tfliBf->'*tC 
aDZAL QVZKCVUJDPZBIUflUiaSQKVlcaiQVPSRDAftSVXJCO^ 

o o ooo o * o oo * ** • * 
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BffiSa EPKEB0CGE0G0CG7OCGOGDGGE 

SXPTCTQmnLHPPF 



SSPJOfTXCBCTS 1290 
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